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Section 1 

INTRODUCTION AND SUMMARY 


1.1 INTRODUCTION 

Recent studies of future large space systems, such as space platforms, phased 
arrays, antenna.,, and solar power satellites, have substantiated the require- 
ment for technology developments which will lead to on-orbit fabrication and 
assembly of large structural subsystems. In recognition of the need for an 
on-orbit fabrication capability, the NASA Johnson Space Center initiated a 
three-phase program in late 1978 with the overall objective of developing a 
geodetic beam and beam fabrication machine, l.e., beam builder for on-orbit 
construction of large truss type space structures. The geodetic beam, 
originally proposed by T. J. Dunn of NASA in 1976, is a lightweight, open 
lattice structure composed of an equilateral grldwork of criss-crossing rods. 
This beam provides a high degree of stiffness and minimizes structural dis- 
tortion, due to temperature gradients, through the incorporation of a new 
graphite and glass reinforced thermoplastic composite material with ?. low 
coefficient of thermal expansion. A low power consuming, Mgh production 
rate, beam builder automatically fabricates the geodetic beams in space using 
rods preprocessed on earth (Figure 1-1). 



Open Lattice 


Figure 1-1. Geodetic Beam and Beam Builder. Qfc. 
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1.2 SUMMARY 


The overall objective of this program Is to develop a structural ly effi- 
cient conposlte geodetic beam and a beam fabrication machine for on-orbit 
construction of large space structures. The program efforts are divided 
Into three phases with each phase scheduled for approximately one yeatf In 
duration. Phase I, Initiated on 24 August 1979, consisted of tasks to 
(1) develop structural design requirements. (2) develop analytical pro- 
cedures and select the best configuration for a geodetic beam, (3) develop 
structural termination concepts for the geodetic beam, (4) accomplish beam 
preliminary sizing, (5) develop pultruded composite rod stock for use In 
joining tests and feasibility test articles, (6) select a reliable joining 
technique, (7) design, fabricate, and test two geodetic test articles to 
establish concept feasibility, and Initiate the preliminary design of a 
beam fabrication machine . Additional Phase i efforts consisted of prepara- 
tion of an Orbital Flight Test (OFT) plan and fabrication of a scale model 
to demonstrate a key subsystem of the geodetic beam machine. Phase II will 
be devoted to detailed material characterization tests of the pultruded 
composite reds and encapsulated joints, parameter tests of a geodetic test 
cylinder and a cylinder/conical closeout test article, and an Improved 
geodetic beam analysis based on the parameter tests. Two tasks (Tasks 11 
and 12) of Phase II have been deferred. Task 11 Is the verification tests 
of full scale test articles and Task 12 Is the completion of the beam 
machine design. Completion of Tasks 11 and 12, especially Task 12, will 
provide a sound basis for the work to be conducted In Phase III. It Is 
therefore recommended that Tasks 11 and 12 be conducted prior to the start 
of ground demonstrations of beam fabrication In Phase III. In Phase III, 
the ground demonstration of automatic fabrication of geodetic beans will be 
accomplished using pilot-plant equipment capable of automatically fabri- 
cating demonstration articles. 

To assure a highly qualified source for development material, MQAC sub- 
contracted pultruded red stock material fabrication to the Composltek 
Engineering Corporation (CEC) of Buena Park, California, a subsidiary of 
the Kelsey-Hayes Company which has extensive experience in pultruding 
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graphite-thermoplastic composite shapes. Pultruded rod stock fabricated 
by CEC from HMS/P1700 orepreg material was used in a majority of joining 
trials and in fabricating test cylinders during Phase I. High temperature 
graphite/polyimlde rod stock was also produced by CEC during Phase 1A. 

As indicated previously, each phase of the program was initially planned 
as a 12-mor.th effort. However, as Phase I neared completion It became 
apparent that additional effort in three areas would be beneficial before 
starting Phase II. Those three areas are (1) geodetic beam designs for local 
attachment of equipment or beam-to-beam joining In parallel or crossing 
configurations, (2) evaluation of long-life pultruded rods capable of service 
temperatures higher than possible with the HMS/P1700 rod material, and (3) 
evaluation of high temperature joint encapsuiant materials. Thus, Phase IA 
was Initiated to supplement Phase ! investigations in the three Identified 
task areas. The extended Phase I tasks are Tasks 2, 5, and 6. The additional 
work under those tasks (designated Tasks 2a, 5a, and 6a) Is summarized as 
follows: 

e Task 2a addressed local shell attactaent designs. The objective of 
this task was to develop design concepts for attachment of secondary 
structure or equipment and to develop concepts for geodetic beam-to- 
geodetic beam joining without use of termination concepts. In 
addition, large truss assembly configurations using side-by-side 
joining methods were investigated. 

• Under Task 5a, the objective was to pultrude a high temperature 
graphite thermoplastic rod material using a resin system such as 
NR150A2 polylmlde, and to evaluate coatings or additive materials 
that are capable of minimizing the effects of space environment. 

After completion of Task 5a, notification was received from duPont 
that the NR150 series resin systems would no longer be available due 
to the slow development of a market for those resins. 

• In Task 6a, the objective. was to evaluate encapsulated joints capable 
of high temperature service vor use with the rod stock produced in 
Task 5a. 

The results of Phase IA, covering the period from 1 September 1979 to 
31 January 1980, are reported herein. 
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Section 2 

GEODETIC BEAM LOCAL ATTACHMENTS 

I^J n1t | 1a1 dCSl9n ° f thC 9COdet1c bearo focused on use of the beam as truss 
«b.rs in . tetrahedral tress or similar tress type configuration In „ h 1ch 

the teams mere Joined at their ends. Thus, early design efforts emphasized 
om^rlson of closeout designs at beam ends and node fittings .here the 

orbital .rr-' Add<t1oMl attachment requirements mill be needed In 
b S ructures, such as platforms and antennas, to attach equips,. "ab„ s 

electrical harnesses, propulsion units, and scientific experiments Also 

; tetrahedral trusses m„ P , Zl' l 

Jolnlng of beams In parallel arrangements or overlapping arrangements mhere 
earns cross each other. Design arrangements for making local attachments and 
for joining beams without using end closeouts (nomall, used In 11c,, , 
configurations) .ore therefore studied In Phase IA. and design concepts mm 
generated to satisfy local attachment requirements. 

arrin ’ anents ”* d «'>" problems that mere considered In deriving 
attachment configurations are listed below: 9 

1. Bear- to- beam parallel attachments. 

Beam end- to- node point fitting. 

Beam-to-beam tee Intersections (overlap and butt). 

Cable attachments to beam. 

Propulsion module Interface. 

Electrical harness and equipment attachment. 

2.1 BEAM-TO-BEAM CONFIGURATIONS 

points throuqh^the* 16 **'' 3 * i'*" 5tr “ Ctl,re ’ t,le beams are J° ,ned at the node 
T t no u (closeout) structures and Joint 

parallel arrangement, special provisions must be made to Join than Th! 
principal design considerations for the attaching structures are their load 
trams er characteristics, ease of asssmbly. and transportability T he o ads 

to which the Joints are subjected are the axial loadsing eacTof the 
principal axes of the beams and the moments about each of these axes. 


2 . 

3. 

4. 

5. 

6 . 
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A primary example pf a structural configuration requiring attactems 
rosslng beams or "Tee- Intersections Is found In the tri-beam structure a 
d, concept being developed under Contract (8 « ference 

- earn concept is a 136 m long structure for the study of an engineering and 

technology verification platfon, having a self contained solar pouer „'rra 

propulsion module for orbit transfer. One concept evaluated geodetic 

beams for the primary structural members and be*. Joining ups a part of'the 

structural studies. The overall structural concept (Figure 3-ll^s.s rV 

parallel beams about 120 m Iona in * i-rian 1 ses t * 5re ® 

out uu m long in a triangular arrangement with short 

transverse connecting beams. Figure 2-2 shous detat.s of Initial deem. 

concepts developed l„ Contract MAS9-15718 for Joining the geodetic beams 

ose concepts were expanded and developed In greater detail In Phase I* 

design studies of the Seodetlc Beam program. 

;:r-~ u *«• gmdettc 

overlap clfl rr *”* fUt,n9s * Uh the tM " s “»»«t,ng In an 

o m l Th * Stn,Ct “ ra ' and "W* complexities of the cradle 
, - Sta “" »*« - "ot established at this time since 

detailed designs of that concept have not been reported. The alternate 

foTthelr?^ * "° AC ^ * he tr, - beM '-volved end closure fitting. 

ceterU ^ connecting beams Intersecting the longitudinal beams along 
ceterllnes (Tee intersections) and attaching to elliptical stab'li 2 i„ n l 
on the longitudinal beams. This arranged mlnlm.te uc“ ^ TZ 
earns caused by tensioning the cables that provide bracing of the 

I-beam platfonn. The magnitude of such cable loads may Increase If control 
orce loads, propulsion loads, and dynamic responses resultlna from < 

Change significantly fr M early estimates. Als^, e 1 e JdZ, ° 
response loads of the lon, relative,, high aspect rat,. LUrela be 
adequately predicted at this time. Thus Tee Intersecting arrangement and 
cross ng configurations of the connecting beams are shown F , g „ res 2 . 3 thr0 . Jg|) 


The cradle attactaent concepts shown In Figure 2-3 were studied to define 
concepts that have low weight a* are easily transportable the Orb, ter. 
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Figure 2*3. P&ytoad Station Configuration — Internally Located U^mdind Deams 





Mid-Point Support 


Figure 2-5. Cross Beam Arrangement at Intermediate Stations. 



Figure 2-6. Cross Beam Arrangement at Payload Attach Stations. 
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Two variations of the 

both types of adapter, the tm cTssZVem"” ^ Z ' ? 3nd 2 ' 8 ' In 

“ S ° f th * cralf,e . and the a*,*,,,. , " eSted the two 

fra.es that are ios.aUed to distribute th , 6 *“ s ring 

Alices in the geodetic beams. 0adS t0 the 1on 3erons jind 

i 

The adapter Is designed to fold flat t, 

T>czrrr confisu -‘ t “" r “^nX? , tri aut ? t,ca ^ 

be at,Khed *° — — » -xz::,rr y ' 

The frames and adapters ,, , ' 

aboard the Orhlter i„,„ orbit^ly XT' 0 " “ ‘^^red 

es the frames will be Mde * 0 ” ln, " U5 Packaging diffi. 

"cans of quick release type clamps or faste^r "' t0 a r, "3 »y 

frames are designed to he positioned ex er ™ The 

2-3 through 2-6 indicate. y ° n an ex Isting beam as Figures 

When the beams intersect at 

« as those dCstT a " 3U - 4 f-P-e .he- 

assembly flexibility is required a ‘«o ^ U$&i ‘ However * if more 

r:: ,nt ° the «» wm ad ^ *-«* 

9ht adapter for each joint can be greatlv s - ° 9 ^ ° f Priding the 
lightweight, adjustable adapter. Rifled by using a reliable. 

Detailed layouts of tho . 

2-8 were made further^aluT dit^? Sh °"" ” F,a " reS M thr °^ 

7 tS ’ f0,< ""8 concepts for beam interconn” , ‘'““""‘"'f- cable attach- 

of tensioning cables used i„ bracing „„ „ 9 attachments, and methods 

the use of folding/stowable interconnect!’ , *' fi9we 2 ' 9 Cows 

or beams that are closely spaced in a paralieT"" 5 ' ha ‘ 
attachment, an adjestable fitting A single point 

mod’f'ed cradle type that at , 9 ar ' al>le bea ” crossing angle, and 

beams were studied as shown in r, 8 , Jre ? , “ teP " a ' fra "“ on the geodetic 

Cradle interconnect details and 
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frame attach details at node positions are also shown In Figure 2-9 El lip 
tlcal external frames were also Investigated for use In connectlna beams at 
angles other than 90 «. Layouts for the elliptical frames showed that a major- 
Ity of the longitudinal-helix node positions can be used for attaching the 
frame. The detailed layout (Figure 2 - 9 ) used a 36-longltudlnal arrangement 
and 30 longitudinal -helix node positions can be used for attachment^ nts with 
an elliptical frame with a 30 ° cant from a position normal to the beam 
centerline. The spiral pattern of the helices prevents use of all 36 node 
positions; however, load transfer was considered satisfactory using 
30 (> 80 %) of the nodes. / , 

"v. 

Figure 2-10 shows additional geodetic beam-to-beam attachment concepts. An 
alternate configuration for a trl-beaa type of structure Is shown In Figure 
2-10, as well as a platform made from widely space geodetic beams in a parallel 
arrangement. Attachment of thrust structures, saddle type fittings for beam- 

to-beam attachments, cable attachment details, and cable tensioning fittings 
are shown In Figure 2 - 10 . '/ 


The studies of geodetic beam attachments conducted during Phase IA show that 
various connecting designs are viable for use In structural arranganents 
requiring crossing beams, beams that Intersect at various angles, parallel 
beams, and beams requiring cable attachments. Also, fitting attachments for 
introducing high thrust loads and external frames for Introducing beam 
connecting loads were investigated. The design work conducted in thU *»sk 
shows the versatility of the geodetic beam for use In a number of structural 
arrangements that may be required for varices large space systans. 
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Section 3 

LONG LIFE MATERIAL 


Phase I studies (Reference 2) of design requirements for structural truss 
members In large space structures, e.g., the solar power satellite (SPS), 
showed the maximum temperatures for some elements to be approximately 
235°C (455°F). This requirement was limited to certain portions of micro- 
wave power transmission antennas and Is caused by heat rejected from ir'jro- 
wave transmitting units. To meet this limited requi.enerit, a portion of. 

Phase IA was devoted to establishing feasibility of pultruding rod stock with 
a resin systan capable of service up to 235°C (455°F). A survey of potential 
resins showed that the du Pont NR150A2 series of resins offered a good prob- 
ability of success In pultrusion operations, and their maximum service 
tenperature is approximately 260°C (500°F). Also, evaluations of coatings 
capable of reducing temperatures were conducted to determine their compatibility 
with the NR150A2 resin system used in the pultrusion trials. 


3.1 HIGH TEMPERATURE PULTRUDED ROD MATERIAL 

Experimental quantities of two variations in the NRI50A2 series of du Pont 
resins were procured for use with HMS fibers in making prepreg materials. The 
NR15UA2 type resin was chosen because of Its high temperature service 
capabilities and its thermoplastic-type behavior which permits joining by 
heat fusion techniques if required. 

The two variations of HMS/NR1 50A2 rthat were obtained for pultrusion testing 
were HMS/NR1 50A2-S5X and HMS/NR150A2-060X. These resin systems are special 
formulations of polyimides that were suggested by the manufacturer (du Pont) 
as being suitable for pultrusion. During the actual trials, the HMS/NR150A2- 
S5X wa-> dropped due to the high volatile content of the prepreg tape. Tests 
of the prepreg material showed the -S5X prepreg to have 12.0% volatiles in one 
sample and 16.9% in a second sample. The desired volatile content for achiev- 
ing successful pultrusion of the tape is <5%. The HMS/NR1 50A2-060X material 
met this criterion, having a volatile content of 4.9%. The resin content and 
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percent volatiles for the two types or prepreg tape were as follows: 

A « - 


Sample 1 
Sample 2 
Sample 3 


Material 
HMS/NR150A2-S5X 
HMS/NR150A2-S5X 
HMS/NR1 50A2-060X 


Wt. Percent of Rp^ n 
34.6 

32.3 

29.3 


ML_Percen t Volatile 
12.0 

16.9 

4.9 


Approximately 80 linear n c . j . 

HRl 50A2- 060X POlylmlde Ms ' 

Composttek Engineering Corporation (CEC) In two runs 4 " 

Iho txishtng/die assembly consisted of five oversize cl , " " S “ re 3 -'- 

fro» the 2.36 mm diameter die. The die i.self o ” “' S ’' inss " PStrM ” 
3-E. in both photographs the poll. '„g direction , s f 7'°”“’ 

Ing speed was 3.8 cm per minute (1 5 l„/mi i . f ' eft t0 r,sl,t - P“»- 
dle was 427”c (800°F). The five tushino 3 ts,|>erat “ re of bushings and 
apertures, had diameters of 5.08 m \ 0 Ho "nTl'lls'"' pr0 9ressl,ely smaller 
(0.m in,. 2.489 mm ,0,98 In,. ^ ” 

After completion of pultruslon a rhori, 

pul truded material because the relativel ""V* 6 °" ^ d69ree ° f CUre ° f the 
bushing/die system was judged insufficient’ \V. ^ ** M9h tai!perature *« the 
-.th conversations with du Pont r ^tl"'' " ““ 

P-acad in an oven and post cured two hours at 3,V 0.“," E" - * 

were cooled In a dessicator and rpwninh ^ ° F ^ These specimens 

Indicating incomplete cure. According to d ^ ° ^ l0SS occurred » 

have exceeded 0.2* If the material had been fun y Tx'T T ^ 
complete the cure, all HMS/NR1 50A2-060X pultruded rod , , t0 

as follows per du Pont recommendation: ° “ S 

U Mat erial was placed in forced air cir Cu l a Hn„ 

!• 7* “ 3 ' 5 “ C (60 »- F ) <" about a 2-1/2 hour perTd “ r00,n 
j. Cure 8 hours at 315°C (600°F). 

4. Cool to room temperature in about 5 hours. 

Materia, characterization tests were suhseguently conducted with the follow- 
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Figure 3 1. Pultrusicn Billing and Die ' trembly Arrangement 



ing results: 

■ Density, gms/cc: ) .43 - I.45 
Resin Content, y c%: 28.6-28.9 
Fiber, vol %: 54.3 - 55.4 

Void Content, Vol %: 11.2 - 12.3 

graphs are show in Figure 3 3 Th 1 ! SUCh photomicro * 

'*•*> « „ "eXXJt, h, ’ h C 7 tent <"•« * 

* / 

Samples from the post-cured rod stock wore , 

properties Tensn» ^ « ere th^, evaluated for mechanical 

r es f ™ * 

from those tests are given in Table 1. P6S ° f t6StS ' Resu1i5 


Table 1 

FLEXURAL AND TENSILE PROPERTIES OF HMS/NR1 50A2-060X ROD 


Sample No. 

FI exura? 
Modulus 

GN/m 2 (psi) 

Flexural 
Strength 
MN/m 2 rpsi) 

Tensile 

Modulus 

cu / m 2 /nci % 

1 

r% 

333.0 (19.3 x 10 6 ) "1 

669.5 (97,120) ~i 

biv/m ( 1 ) 

z 

3 

348.9 (21.6 x 10 6 ) 

' 857.2 (124,134) 


4 


— 

384.8 (26.8 x 10 6 ; 

1 


“ *• “ 

374.4 (25.3 x 10 6 ] 


and llTjellZt. ^ZTjTe'r hl ' 9h ’ falHn9 ^ 

slightly higher modulus values obtained^th *° ^ contributed to the 

....... .. Zfcz f ~ - ”• — 
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Figure 3-3. Photomicrographs of HMS/NR150A2 060X Pultruded Rod Stock 
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hemal control coatings .ere also evaluated for ose witn the HMS/NR150A2-060X 
, high temperature rods. The finished rod stock was subjected to processing 
trials to check the compatibility and adherence characteristics of several 
cand. date coatings selected to reduce structural temperature variations and 

thus permit onger structural life In the space environment. Candidate 
coat nigs evaluated were: w j 

1- Aluminum platelets in polyurethane, 

2. S13G/L0 (applied over a silicone primer). 

3. Aluminum platelets in a silicone base resin. , 7 

4. S13G/L0 (applied over a dual primer). j 

i , ' 

C °T' e<l Ph “ e " fo'tafiary and mere made to detemlne the 
coat ng adherence characteristics so as to eliminate coatings thattend T 

crack or chip when the rod Is flexed for storage In canfste-s In addin 

aiherence «• -«*. * ^ T2 

, „ s««rea, ^elected thermal control coatings trill be tsstrH 

11 to assasa ^ 

Four coating systems (Table 2) were obtained and applied to 20 3 cm (8 0 in 1 

NEK d th"" 1 T' A " *“* ’"’ <IS CUaned " 1th ethyl Lonl 

( EK) and then primed to Improve the adhesion of the coating T„e of mere 

used for each type coating are noted In Table 2. The first iJ !, T 

aliphltT'T 0 " T ^ *"* ° 6 SOt ° CM,pany ha,f " 3 Flatele“ a inl 

aliphatic polyurethane binder. The epoxy polyamide primer Is also a Oe Soto 
product. The second coating system Is an Improved version of the NASA 
sponsored S13G coating developed by the Illinois Institute of Technology - 
Re earc Institute (IITR1). This system has been Improved to provide Lr 
outgasslng and Is now designated S13G/L0. The basic S13C/L0 system Is a 
si icone binder pigmented with highly purified tine oxide, and the low out- 
go sing characteristics are achieved by vacuum reduction of the RTV 602 
si icons binder. The third system is an ALCAN aluminum platelet type using 
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the General Electric RTV 602 silicone binder. The RTV 602 is the same binder 
used for the S13G/L0 but without vacuum reduction to minimize outgassing. 

This system was formulated in MDAC Laboratories and a 5 hour cure at 65°C 
(150°F) was used to assure complete cure. A subsequent trial of this system 
on an aluminum test panel indicated that cure could be achieved at room 
temperature without difficulty. The fourth system was similar to system 
No. 2 (Table 2 ) except for the use of an additional primer. 

Table 2 

SUMMARY OF PROTECTIVE COATINGS USED ON HMS/NR150A2-060X RODS 
Note: All Rods Cleaned with MEK Prior to Application of Primer and Coating. 


COATING 

SYSTEM 

PRIMER 

COATING 

CURE 

WEIGHT m 
INCREASE' 1 ' 

1 

Epoxy Polyamide 
(De Soto); Base: 
513X332; 

Catalyst: 910X457 

Aluminum Platelets 
in Polyurethane 
(De Soto); Base: 
829X303, 37200, 
D3-8064; Catalyst: 
910X376 

Room 

Temp. 

+0.38g 

(+30.4%) 

2 

Si 1 i cone 
(SS4044 Silane 
IITRI) 

S13G/L0 

(IITRI) 

Room 

Temp. 

+0.26g 

(+33.6%) 

3 

Silicone 
(SS4044 Silane) 

Aluminum Platelets 
in RTV 602 Silicone; 
ALCAN MD 7100, 400 
Mesh 17g powder in 
lOOg resin 

5 Hr. 

at 

65°C 

+0.25g 

(+20.0%) 

4 

i 

Epoxy Primer 
Bostik Followed 
by Silicone Primer 
(SS4044 Silane); 
Epoxy Base: 463- 

12-8; Catalyst: 

CA- 116 

S13G/L0 

(IITRI) 

Room 

Temp. 

+0.43g 

(+34.4%) 


(1) ! Weight of basic 20.3 cm Rod = 1.25g (Avg.) 
Weight increases shown are for 20.3 cm rod. 
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These coatings were selected to represent both low and high ratios of o./e 
(solar absorptance to emittance). S13G can be considered the standard of 


the industry with respect to a flexible thermal coating with a low a /c 
ratio. SS4044 Silane primer is normally adequate for the promotion of 


i 

» 


adhesion, but one set of samples was prepared with epoxy primer on the 
substrate. This choice was made because it was felt that an epoxy primer 
might offer better adhesion to the substrate than the silane /primer. Tests 
showed approximately equal adhesion characteristics for either the single 
primer or dual primer approach. 


The second type of coatings evaluated offered a low a s , like S13G, but a high 
o $ /e ratio. Binders were- selected with respect to their potential for 
successfully bonding to the substrate. Urethane binders lack the long-term 
ultraviolet radiation resistance found in silicones such as RTV 602. The 
best ultraviolet radiation resistance would be obtained' with potassium 

silicate, but coatings formulated with this material would be too brittle for 
this application. 


Four samples are shown in Figure 3-4 along with coated plates that can be 
used to verify absorptivity and emittance characteristics of the coatings. 

All four samples were tested to check for any tendency of the coatings to 
crack or chip when the rods were flexed to simulate a 50.8 cm (20 in.) bend 
radius to simulate rod storage in canisters or the flexing of helix members 
in a geodetic beam. The radius chosen was based on not exceeding an outer 
fiber strain in the rod of 50 percent of the strain to failure. This 
criterion was chosen in Initial design studies which are reported in 
Reference 2. All protective coating systems maintained good adherence, 
showing no signs of cracking when the rods were flexed to the specified radius. 

3.2 THERMALLY INERT PULTRUOED ROD 

To achieve pultruded rods that exhibit minimum thermal distortion. E-glass 
fibers were added to the basic HMS fibers to provide a near zero coefficient 
of thermal expansion (CTE) in the finished rod material. In such a hybrid 
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Figure 3-4. Grephrte/Polyimide Pultnided Rod Samples with Protective Coatings 




material, the positive CTE of the E-glass and resin matrix offset the negative 
CTE of the HMS fibers and provides a near zero CTE material. The required hybrid 
HMS/E-glass/P1700 ; mater1al was obtained in prepreg form and subsequently pul- 
truded Into square cross-section rod with dimensions of 2.03 mm (0.080 in.) 
on each side. Pultrusion and testing of the near zero CTE rod stock was 
given high priority because it is a key Initial step in verifying the feasi- 
bility of geodetic beams that can provide structures with minimum thermal 
distortion. 

To obtain the required data, two 15.24 cm (6.0 in.) long samples were tested 
at Composite Optics Incorporated, San Diego, California. Each sample was 
tested between -184°C (-300°F) and +149°C (+300°F) with an initial test to 
determine thermal expansion without prior temperature excursions. The initial 
test was followed by ten cycles of temperature excursions between -184°C and 
+149°C without recording expansions. The thermal cycling was conducted at an 
average time rate of temperature change which resulted In a complete thermal 
cycle every 1.2 hours. Following the ten exposure cycles, each sample was 
again tested between -184°C and +149°C to determine expansion characteristics. 
Data from the tests are shown In Figures 3-5 and 3-6. The remeasurements of 
the thermal expansions following the thermal cycling yielded data which were 
in nominal agreement with the initial results. As shown in Figures 3-5 and 
3-6, the coefficient of thermal expansion (CTE) between -46°C (-50°F) and 38°C 
(100°F) is very .'.early zero, while a positive CTE occurs at temperatures up to 
149°C and a negative CTE is evident at temperatures from -46°C to -184°C. An 
average CTE of +0.198 x 10~ 6 m/m/°C (0.11 x 10“ 6 in/1n/°F), occurs between 
24 °C (75°F) and 149°C (300°F) and an average CTE of -0.144 x 10* 6 ra/m/>°C 
(-0.08 x 10“ 6 in/in/°F) is seen for the temperature range from 24°C to -184°C. 

A small shift in the measured strain was seen after thermal cycling in each 
sample. However, the slopes and shape characteristics of the strain curves 
showed good consistency. Also, during each measurement cycle the data 
exhibited excellent repeatability at 24°C (75°F) which usually is indicative 

of a material which is dimensionally stabit with respect to thermal cycling. 

i. • . 

The results obtained from tests of the hybrid HMS/E-glass/P1700 rod stock showed 

i 

that the hybridization approach to achieving near zero CTE characteristics is 
highly feasible. The rod samples tested had lower E-glass content (12.7% to 
16.7%) than indicated to be required for zero CTE from analysis (18.8%). The 
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Fi^uro 3-6. Thermal Expansion of Hytritd HS^3/E-Gteja/?1700 SeropS* t€oJ2 
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near zero CTE values achieved with a lower than expkted E-glass content Is a 
desirable trend since higher modulus values are available with lower E-glass 
content. 


Photomicrographs pf a transverse section of the pultruded hybrid rod are shown 
In Figure 3-7. The light fiber ends seen In Figure 3-7 are the HHS fibers, 
while the dark fibers are the E-glass material. The nearly equal diameters 
of both types of fibers made It difficult to distinguish the two fibers and 
thus an acid etch that attacked only the E-glass fibers was used to define the 
material distribution shown in Figure 3-7. 


The resin content, fiber content. 

void content. 

and density of three samples 

taken from the pultruded rod were 

as follows: 



Sample No. 

Vol ume 
E-Glass 

Percent 

HMS 

Wt. Percent 
Resin 

Void Content 
Volume % 

Density 

q/cc 

1 

12.7 

38.5 

33.2 

7.1 

1.56 

2 

13.2 

40.2 

30.8 

7.6 

1.57 

3 

16.7 

36.7 

29.2 

9.6 

1.57 


Tensile and flexure properties were also obtained from test samples taken from 
the hybrid rod. Those propert'es are shown In Table 3. 


Table 3 

TENSILE AND FLEXURAL PROPERTIES OF 
HYBRID HMS/E-GLASS/P1700 ROD 


Sample No. 

Tensile 
Strength 
MN/m 2 (psi) 

Tensile 
Modulus 
GN/m 2 (psi) 

FI exural 
Strength 
MN/m2 (psi) 

Flexural 
Modulus 
GN/m 2 (psi) 

1 

771.4 

(111,890) 

123. 2 , 

(18.6 x 10 b ) 

— 

— 

2 

— 

128.2 , 
(18.6 x 10 b ) 



» 9 

3 

— 

— 

803.5 

(116,550) 

109.6 , 

(15.9 x 10°) 

4 

“ “ “ 

— 

757.6 

(109,890) 

107.5 , 

(15.6 x 1S b ) 
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F'S-Jre 3-7. Photomicrograph of Hybrid HMS/E-Glau/P 1700 


Rod Stock 
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Finure 3-7. Photonierograph of Hybrid HMS/E-Gla$»/P1700 Rod Stock (Continued) 
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3.3 SMALL DIAMETER PULTRUOED ROD >- 

Small diameter pultruded rods will be required for lightly loaded geodetic 
beams that have relatively small diameters, e.g., 45.7 cm (18 in.) to 

101.6 cm (40 in.) in diameter. Thus, an experimental effort to pultrude 
0.89 nrn (0.03*3 in.) diameter rod stock made from HMS/P1700 was undertaken and 
successfully completed. Four steel bushings and a final sizing die with a 
teflon insert pere used in pultruding the small diameter rods. All four 
bushings were held at 399‘C (750»F) while the final sizing die was held at 
232 C + 14 C (450°F + 25°F). A maximum pultruslon rate of 38.1 cm/min 
(15 in/min) was used to produce satisfactory rod stock. Above that speed the 
prepreg tape material would spiral in the bushings and die, thus causing 

T'T,T k , !! 66 r“ Ced - 6U!M " 9 S,!es “ ere 2 36 » (0-0S3 in.). 1.85 mm 
(0.073 In.), 1.32 mm (0.052 tn.), and 1.04 m (0.041 In,). Approximately 

30.5 m (100 ft) of the small diameter HHS/P1700 rod «s produced by CEC 


Tensile and flexural properties were obtained from test samples taken from the 
small diameter rods. Oata from those tests are presented in Table 4. 


Table 4 

TENSILE AND FLEXURAL PROPERTIES OF 
SHALL DIAMETER HMS/P1700 ROD 


Samp! e No. 

Tensile Modulus 
PN/m2 (psi) 

Flexural Strength 
MN/m2 (psi) 

Flexural Modulus 
GN/m2 (psi) 

1 

198.2 . 

(28.75 x 1 0 b ) 



2 

191.3 _ 

(27.75 x 10 6 ) 


— 

3 

— 

1,413.3 

(205,050) 

190.3 

(27.61) 

4 


90.14 

(130,700) 

167.8 

(24.34) 


Photomicrographs were also made of transverse sections taken from rod samples 
(Figure 3-3). Good uniformity of fiber distribution can be noted ir, Figure 3-8 
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The successful production of the 0.89 on diameter pultruded rod stock denon- 
strates the feasibility of producing rods small enough to fabricate smaller 
diameter geodetic beams. Geodetic beans of smaller diameters (45 to 100 cm) 
will be required in certain space structures such as small platforms and in 
lightly loaded truss members. 
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Section 4 

ADVANCED JOINT ENCAPSULANT MATERIALS 

The development of long life pultruded rod material with service tenperature 
capability up to the range of 204°C (400°F) to 260°C (500°F) require similar 
capability in joir:'t encapsularit materials. Accordingly, evaluations of 
encapsulant materials with higher temperature capabilities than the Versimid 
1200 were undertaken as an extension of the Phase I joining investigations. 
Versimid 1200, a polyamide material used in Phase I test cylinders, has a 
service temperature of approximately 163°C (32 °F) . To maintain comparative 
test evaluations, Versimid 1200 was retained in the Phase IA testing of ! 
encapsulant materials. 

As a first step in encapsulant evaluations, a survey of candidate materials 
was made. This survey resulted in the selection of the materials shown in 
Table 5. 


Table 5 

CANDIDATE ENCAPSULANT MATERIALS 


Material 

Designation 

Material 

Type 

Service 

Temperature 

Hold Injection 
Temperature 

Versimid 1200 

Polyamide 

163°C (325°F) 

260°C (500°F). 

VAR 4032 

Polyester 

204 °C (400°F) 

329°C (625°F) 

VAR 6019 

Polyester 

204°C (400°F) 

246°C (475°F) 

Upjohn 2080 

Pol yether snl fone 

232°C (450°F) 

399°C (750?.F) 

JF-1 008 

Polyethersul fone 

232°C (450°F) 

399°C (750°F) 

0F-1003 

1 

Polyphenyl sulfide 

232°C (450°F) 

399°C (750°D 


Encapsulant tests were initially conducted to define injection temperature 
and pressure requirements for each material. Acquisition of such data was 
considered an essential step since excessive temperature and pr assure require- 
ments could cause excessive power usage in orbital operations of the beam 
builder. Thus, materials requiring excessive power may be eliminated through 
Initial screening tests. 

I ; 

i 
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All materials were received in cylindrical pellet form, pellet dimensions 
ranging from approximately 3.0 mm (0.12 in) in diameter by 6.4 mm (0.25 in) 
ir. length to 6.4 mm (0.25 in) in diameter by 12.8 mm (0.50 in) in length. 

The pellets were first tested at atmospheric pressure to determine if heating 
at relatively low pressure could be used to melt and then resolidify the 
encapsulant material into cylindrical slugs sized to fit in the receptacle of a 
hot-melt injection gun. Such initial tests were successful with Versimid 
1200, VAR 4302 and VAR 6019. The successfully molded VAR 4302 and VAR 6019 
slugs are shown in Figure 4-1. Further trials were conducted using a heated 
mold which could be pressurized. The test equipment used^for this phase of 
testing is shown in Figure 4-2. The temperature used for Upjohn 2080, JF-1008, 
and 0F-10C8 was 343°C (650°F) and the pressure was 17.2 HN/m^ (2,500 psi). 

None of these three materials could be melted and resolidified at that 
temperature/pressure combination. Figure 4-3 shows failure of the Upjohn 
2080 material pellets to flow, the resulting slug retaining the original form 
of compacted pellets that crumbled apart when handled. 

/ 

The VAR 4302 and VAR 6019 slugs were subsequently tested for use in the hot 
melt injection gun. The current gun configuration has a temperature capability 
of 246°C (475°F) for melting the resin slug. This temperature proved satis- 
factory for the VAR 6019 and Versimid 1200 materials, but was not sufficient 
to cause the VAR 4302 to flow. A test joint (Figure 4-4) was made using the 
VAR 6019 material in the hot-melt injection gun to join three HMS/NR1 50A2-360X 
pultruded rods. Chopped graphite fibers (1C% by weight) were mixed with the 
VAR 6019 and VAR 4302 pellets during the molding process, thus providing 
finished slugs containing dispersed fibers. 

The limited temperature capability of the current hot-melt injection gun 
restricted fabrication of test joints to those made with VAR 6019 and 
Versimid 1200 materials. 

initial samples of both types of encapsulated joints were fabricated using 
MMS/NR1 50A2-060X rods. The sample encapsulated joints were then tested to 
determine out-of-plane joint stiffness for each of the encapsulant materials. 
P.esul ts of those tests are shown in Figure 4-5. The local spring 
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Fiflur* 4-r Suecwrfulty Melded VAR 4302 end VAR 6019 Slug, 
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a. Removal of Resin Slog 



b. Unsolidifted Slug 


Figure 4-3. Pressurized Mold.'-g Trials with Upjohn 2080; Pressure = 17.2 MN/m 2 , Temperature - 343°C 
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Figure 4-4. Encapsulated Joint Made with VAR 6019 
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Figure 4-5. Moment v». Deflection for Round Rods Encapsulated with Verirmid 1200 or VAR 6019 



constant, X, obtained from the test data In Figure 4-5 are lower than 
obtained earlier In Phase I with Versimid 1200 encapsulated joints using 
HMS/P1700 rods. However, fairly wide ranges of K determined In Phase I did 
not significantly change the local buckling coefficient, C (Reference 2 )j 

i 

Results of the encapsulant evaluations showed that polyester systems (VAR 4302 
and VAR 6019) were capable of being formed Into slugs or rods that can be fed 
through hot-melt injection equipment. -.Satisfactory joints were made from 
VAR 6019 material, as well as Versimid 1200. In contrast, Upjohn 2080, 
JF-1008, and 0F-1008 were not successfully consolidated from the as-received 
pellet form to a slug or rod shape that can be used in hot-melt Injection 
equipment. Those materials would require additional evaluations to fully 
determine their suitability as encapsulant materials for high temperature 
service conditions in geodetic beams. 
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Section 5 

CONCLUSIONS AND RECOMMENDATIONS 


2. 


2 . 


3. 


* * 

ta P a 7 s 7 ,$ ““ CMC ' US,r ’ 3 as . resuIt of t . 

— , 7 7 ::' r ~“- ^ «. as zi . t~ 

5*1 CONCLUSIONS 

advanced t 'encapsu lan t Ta teriTu* '°" 3 

reported In Sect.ons 2, ani 4 t6r(a,S ar ‘ «—«- based upon tbe work 

Attachmnntc 

structural a^n^l^ring^ocaT be ^ Vmat " e ,n var, "“ s 

-o "zzj;zT:z r3e s - * at 

- si9n,ficant of 
ftr Joining crossf „ 3 high,, rt , M 

’ * - — - - 
beam-to-beam joi„1„ 9 . P "* attac "inent, cable attachments, or 

LSU l.Life Material 

7 ‘ High tem Perature HMS/NR150A2-nfinv 

Pultruded using steel bushings andT"t T St0< * ** S Successf “Hy 
Approximately 80 linear feet of rod l l *'* * 427 ° C (800 ° F ^ 

3.8 cm per minute (1.5 in/ min ) $ “ PUltruded at a speed of 

short time at elevated temperature „ • 

Partial cure, necessitating post-cure ofTh" 9 PUUrUSion ^ted i n 
High tensile and flexural Lj u$ ” "* aftep pu]t ^ion. 

"\ dS - TenSile ^>us averaged 179 6 GN * *** P ° St ' CUred 
us averaged 141 GN/m 2 ( 20 .4 x 10 6 psi) X 10 ^ and .«exural 
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4. All four protective coatings evaluated with the HHS/NR150A2-060X rods 
showed good adhesion with no tendency to chip or crack when the rods 
were flexed to simulate canister storage or helix radii in geodetic 
beams . 

5. Hybrid pulthided rod stock (HMS/E-glass/P1700) was demonstrated to 
have a low coefficient of thermal expansion (<0.20 x 10”® m/m/°C or 
<0.11 x 10 ® in/in/°F) in the range of -184°C (-300°F) to +149°C 
(+300°F) . 

6. Pultrusion of 0.89 mm (0.035 in.) diameter rod stock was successfully 
demonstrated using HMS/P1700 prepreg material. 

Advanced Joint Encapsulant Materials 

1. Encapsulated joints were successfully demonstrated with a high tempera- 
ture polyester material (VAR 6019) having a service temperature capa- 
bility of 204°C (400°F). 

2. Satisfactory strength and stiffness characteristics were exhibited in 
tests of the joints made from VAR 6019. 

5.2 RECOMMENDATIONS 

The following recommendations for Phase II activities are based on results 

of Phase 1A work. 

1. The use of hybrid HMS/E-glass/P1700 rod material is reconmended for 
Phase II test articles because of its low CTE characteristics and 
because of the large percentage of large space structures having 
temperatures in a range permitting use of the P1700 resin system. This 
recommendation is reinforced by the necessity to postcure the HMS/ 

NR1 50A2-060X rod stock after pultrusion. Also, the notification by du 
Pont that NR150 series resins are no longer available would necessitate 
development of another high temperature pultruded rod material. 

2. In keeping with the use of HMS/E-glass/P1700 rod materiel, it is 

reconmended that Versimid 1200 polyamide be used for joint encapsula- 
tion. 
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